Abstract-An analytical method similar to that used by SIMMONS(t) on Lorentz lines was applied to the problem of the growth of an isolated Doppler line for the case of nonisothermal paths. The results, given in terms of the total radiance (N) and equivalent width (W) of the line, are :
.=,(n+l)!(n+l)"2 is the function obtained by LADENBURG t4 ' for the isothermal case, ye is an effective spectral line haif-width, N:(g) is the Planck function of the local temperature in the emitting-absorbing gas, the nondimensional optical depth is defined by dx = (ln 2/x)'/'[S(X)G(X) dX]/y,, where S(X) is the local value of the line strength, dX is the increment of standard optical depth, and G(X) is a function characterizing the temperature dependence of the line width, and the subscript Prefers to the total path in the emitting-absorbing gas.
RECENTLY relations for total radiances (IV) and equivalent widths (W) of isolated Lorentz lines along nonisothermal paths were developed using an analytical method.") This note describes a similar analysis which was carried out for isolated Doppler lines. The spectral absorption coefficient at frequency v and temperature T, k(v, T), in this case is k(v,T) = (~r"'~exp{-[~~ln2} where S(T) is the line strength, y = (vO/c)(2kT In 2/m)"' is the Doppler line half-width at half-maximum line intensity, vO is the line center, k is the Boltzmann constant, and m is the mass of the emitter. For large values of x, we use an asymptotic formC3' of g(x) :
N and W in the strong line limit then are:
(6)
(10)
Tabulations of g(x) for x = @lo to 1000 can be found in Ref. 4 . In a nonisothermal region, the absorption coefficient is a function of temperature and wavelength, hence of path and wavelength since temperature can be represented as a function of conditions along the path. The equations for line radiance and equivalent width for nonisothermal paths are obtained from the equation of transfer :
If we assume N* = N* change the integration over v to an integration over Av = v -v,, and assume no iontrib%on from -co to -vc so the limits of integration change from 0 to + co to -cc to + co, equations (11) and (12) then become:
The solutions require the separation of the path dependent and wavelength dependent terms in the absorption coefficient.
As in Ref. 1, two cases are now considered : (1) a "nearly weak" line approximation and (2) a "nearly strong" line approximation.
In the "thin gas" approximation (weak line case), equations (13) Therefore, for weak lines, N and W are i:dependent of y. For "nearly weak" lines, the assumption that N and W are relatively insensitive to the value of y is made and we replace y(X) in equation (1) by an effective line half-width, ye = constant, which may be taken to be a mass-weighted average line half-width, to obtain :
The use of equation (17) is more reasonable than replacing the attenuation term in equation (13) by unity for nearly weak lines, where some self-absorption exists. It will later be shown that N and W for the nonisothermal case,obtained by using this form of k(v, X) reduces to the simple linear (weak line) forms, equations (6) and (7), for the isothermal condition and small optical depth.
If equation (17) is a good approximation for nearly weak lines, we can certainly improve the approximation and extend its range of applicability by replacing ye in the denominator by its actual value y(X) :
In strong lines, further absorption takes place mostly in the line wings. For Doppler lines, the condition that [(v-v&l2 >> 1 means that the exponential in equation (1) cuts off absorption in the line wings very rapidly, no matter what value of y is used. Replacing y by ye only in the exponential term to obtain equation (18) will therefore be termed the "nearly strong" line approximation. It will later be shown that N and W for the nonisothermal case obtained by using equation (18) reduces to the strong line forms, equations (9) and (lo), for the isothermal condition and large optical depth. The absorption coefficient can now be represented as :
where G(X) = 1 for the "nearly weak" line approximation and G(X) = [r&(X)] for the "nearly strong" line approximation.
Considering first the simpler expression W, we substitute equation (19) into equation (14):
Define a dimensionless optical depth, x, by which upon substitution into equation (20) gives
Expanding the first exponential on the right-hand side of equation (22) in an infinite series and interchanging the order of summation and integration, we obtain : 
Identifying the infinite series on the right-hand side of equation (23) as the function g defined in equation (4), which was obtained in the solution for W and N for the isothermal case, we obtain the desired expression for the equivalent width of a nonisothermal Doppler line :
Ye&J * Substituting equations (19) and (21) into equation (13):
-00 0
Expanding the second exponential on the right-hand side of equation (25) in an infinite series and interchanging the order of summation and integration, we obtain : 
